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(54) Anodizing apparatus, anodizing system, substrate processing apparatus and method, and 
substrate manufacturing method 



(57) This invention is to reduce the influence of a 
gas generated by an anodizing reaction. A silicon sub- 
strate (101 ) to be processed is horizontally held. A neg- 
ative electrode (129) is arranged on the upper side of 
the silicon substrate (101), and a positive electrode 
(114) is brought into contact with the lower surface of 



the silicon substrate (101 ). The space between the neg- 
ative electrode (129) and the silicon substrate (101) is 
filled with an HF solution (132). The negative electrode 
(1 29) has a number of degassing holes (1 30) to prevent 
a gas generated by the anodizing reaction from staying 
on the lower side ol the negative electrode (129). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an anodizing 
apparatus, an anodizing system, a substrate processing 
apparatus and method, and a substrate manufacturing 
method. 



BACKGROUND OF THE INVENTION 



[0002] Porous silicon was found by A. Uhlir and D.R. 
Turner who were studying electropolishing of single- 
crystal silicon biased to a positive potential in an aque- 
ous solution of hydrofluoric acid. 
[0003] Later, to exploit excellent reactivity of porous 
silicon, application of porous silicon to the element iso- 
lation process in manufacturing a silicon integrated cir- 
cuit was examined, and a full isolation technology (FIF- 
OS: Full Isolation by Porous Oxidized Silicon) using a 
porous silicon oxide film was developed (K. Imai, Solid 
State Electron 24, 159, 1981). 

[0004] Recently, an applied technology to direct bond- 
ing has been developed in which a silicon epitaxial layer 
is grown on a porous silicon substrate, and the substrate 
is bonded to an amorphous substrate or single-crystal 
silicon substrate via the oxide film (Japanese Patent 
Laid-Open No. 5-21338). 

[0005] As another application example, porous silicon 
has received a great deal of attention as a photolumi- 
nescence or electroluminescence material that emits 
light by itself (Japanese Patent Laid-Open No. 
6-338631 ) 

[0006] A conventional anodizing apparatus for manu- 
facturing a substrate having a porous silicon layer will 
be described below. 

[0007] Fig. 20 is a view showing the arrangement of 
a conventional anodizing apparatus (Japanese Patent 
Laid-Open No. 60-94737). In this anodizing apparatus, 
anodizing tanks 1902a and 1902b made of Teflon 
(tradename of du Pont in the U.S.A) as a matenal with 
HF resistance are arranged to sandwich a silicon sub- 
strate 1 901 from both sides. The anodizing tanks 1 902a 
and 1 902b respectively have O-rings 1904a and 1904b 
for sealing at portions where the silicon substrate 1901 
is held. The anodizing tanks 1 902a and 1 902b have plat- 
inum electrodes 1903a and 1903b, respectively. After 
the silicon substrate 1901 is sandwiched by the two an- 
odizing tanks 1902a and 1902b, the anodizing tanks 
1 902a and 1 902b are filled with HF solutions 1 905a and 
1 905b, respectively. In this state, a DC voltage is applied 
between the electrodes by setting the platinum elec- 
trode 1903a as a negative electrode and the platinum 
electrode 1 903b as a positive electrode. The silicon sub- 
strate 1901 is anodized, and a porous silicon layer is 
formed on the negative-electrode-side surface of the sil- 
icon substrate 1 901 

[0008] In such conventional scheme of vertically hold- 



ing a silicon substrate and anodizing it, a gas (e.g., hy- 
drogen gas) generated by the anodizing reaction may 
stay on the surface of the silicon substrate for a long 
time or rise along the surface of the silicon substrate. In 
5 this case, the track of gas remains on the surface of the 
porous layer formed on the silicon substrate. This 
makes the porous layer nonuniform to result in poor 
quality and a decrease in yield and productivity. Hence, 
a demand has arisen for introduction of a new scheme 
10 of preventing a gas generated by the anodizing reaction 
from adversely affecting anodizing. 
[0009] To obtain high quality and productivity for sub- 
strates having a porous silicon layer, it is important to 
reduce contamination of a silicon substrate during ano- 
15 dizing, and reduce contamination of a silicon substrate 
during a series of processes including anodizing and as- 
sociated processes (e.g., washing and drying). 
[001 0] To increase productivity of substrates having a 
porous silicon layer, it is also important to increase the 
20 speed of the series of processes including anodizing 
and associated processes. 

[0011] Additionally, in consideration of the recent ten- 
dency of an increase in diameter of silicon substrates, 
it is also important to propose a scheme capable of eas- 
25 j|y coping with the increase in diameter. 



SUMMARY OF THE INVENTION 

[0012] The present invention has been made in con- 
30 sideration of the above situation, and has as its object 
to provide a new anodizing scheme. 
[0013] More specifically, it is an object of the present 
invention to, e.g.. prevent any influence of a gas gener- 
ated by an anodizing reaction. 
35 [0014] It is another object of the present invention to, 
e.g., prevent any contamination of a substrate to be 
processed. 

[0015] It is still another object of the present invention 
to, e.g., increase the speed of a series of processes in- 
40 eluding anodizing and associated processes. 

[0016] It is still another object of the present invention 
to eg, facilitate to cope with an increase in diameter. 
[0017] According to the first aspect of the present in- 
vention, there is provided an anodizing apparatus for an- 
45 odizing a substrate, characterized by comprising a hold- 
ing portion for substantially horizontally holding the sub- 
strate to be processed, a negative electrode arranged 
above the substrate to oppose the substrate, a positive 
electrode arranged under the substrate, and an anod.z- 
50 ing tank for filling a space between the substrate and 
the negative electrode with an electrolyte, wherein the 
negative electrode has a function of preventing a gas 
from staying on a lower side. 

[0018] In the anodizing apparatus according to the 
55 first aspect of the present invention, for example, the 
negative electrode preferably has a degassing hole for 
preventing the gas from staying on the lower side. 
[0019] In the anodizing apparatus according to the 
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first aspect of the present invention, for example, the 
positive electrode preferably supplies a current to the 
substrate to be processed while being in direct contact 
with a lower surface of the substrate in anodizing. 
[0020] In the anodizing apparatus according to the 5 
first aspect of the present invention, for example, of the 
positive electrode, at least a portion which comes into 
contact with the substrate to be processed is preferably 
formed from a semiconductor material. 
[0021] Preferably, the anodizing apparatus according 10 
to the first aspect of the present invention further com- 
prises, e.g., an electrode support portion supporting the 
positive electrode, and the electrode support portion has 
a mechanism for attaching/detaching the positive elec- 
trode. 

[0022] In the anodizing apparatus according to the 
first aspect of the present invention, for example, the 
positive electrode preferably has a chuck mechanism 
for chucking the substrate to be processed. 
[0023] In the anodizing apparatus according to the 
first aspect of the present invention, for example, the 
chuck mechanism preferably comprises a vacuum 
chuck mechanism. 

[0024] In the anodizing apparatus according to the 
first aspect of the present invention, for example, the 
holding portion preferably holds a peripheral portion of 
the lower surface of the substrate to be processed. 
[0025] In the anodizing apparatus according to the 
first aspect of the present invention, for example, the 
holding portion preferably has a chuck portion for hold- 
ing the substrate to be processed by chucking a periph- 
eral portion of the lower surface of the substrate. 
[0026] In the anodizing apparatus according to the 
first aspect of the present invention, for example, the 
anodizing tank preferably has an opening portion at a 
bottom portion and can be filled with a liquid when the 
holding portion holds the substrate to be processed. 
[0027] In the anodizing apparatus according to the 
first aspect of the present invention, for example, the 
positive electrode preferably comes into contact with the 
lower surface of the substrate to be processed, inside 
the opening portion. 

[0028] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., an electrode elevating mechanism for ver- 
tically moving the positive electrode. 
[0029] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., a rotary driving mechanism for rotating the 
substrate to be processed substantially in a horizontal 
plane to remove the liquid sticking to the substrate. 
[0030] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., a rotary driving mechanism for, after the 
substrate is released from the holding portion, rotating 
the positive electrode chucking the substrate substan- 
tially in a horizontal plane to rotate the substrate. 
[0031] Preferably, in the anodizing apparatus accord- 



ing to the first aspect of the present invention, for exam- 
ple, the anodizing tank has, at a bottom portion, an 
opening portion for bringing the positive electrode into 
contact with the lower surface of the substrate to be 
processed, and the holding portion is arranged in an an- 
nular shape along the opening portion at the bottom por- 
tion of the anodizing tank and holds the peripheral por- 
tion of the lower surface of the substrate to be proc- 
essed. 

[0032] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., an electrode elevating mechanism for ver- 
tically moving the positive electrode, and a rotary driving 
mechanism for, after the electrode elevating mechanism 
moves the substrate to be processed upward to a posi- 
tion where the substrate is not in contact with the holding 
portion, rotating the positive electrode chucking the sub- 
strate substantially in a horizontal plane to rotate the 
substrate. 

[0033] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., a substrate manipulation mechanism for re- 
ceiving the substrate to be processed from a conveyor 
robot and causing the holding portion to hold the sub- 
strate. 

[0034] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., a substrate manipulation mechanism for re- 
ceiving the substrate to be processed from a conveyor 
robot, causing the holding portion to hold the substrate, 
and transferring the processed substrate to the convey- 
or robot or another conveyor robot. 
[0035] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., an elevating mechanism for receiving the 
substrate to be processed from a conveyor robot at an 
upper portion of the anodizing tank, moving the sub- 
strate downward, and causing the holding portion to 
hold the substrate. 

[0036] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., a substrate elevating mechanism for receiv- 
ing the substrate to be processed from a conveyor robot 
at an upper portion of the anodizing tank,, moving the 
substrate downward, causing the holding portion to hold 
the substrate, receiving the processed substrate from 
the holding portion, moving the substrate upward, and 
transferring the substrate to the conveyor robot or an- 
other conveyor robot. 

[0037] In the anodizing apparatus according to the 
first aspect of the present invention, for example, the 
elevating mechanism preferably has a support portion 
for supporting the substrate to be processed from the 
lower side and vertically moves the substrate placed on 
the support portion. 

[0038] In the anodizing apparatus according to the 
first aspect of the present invention, for example, the 
support portion preferably receives/transfers the sub- 



20 



25 



30 



35 



40 



45 



50 



3 



BNSDOCID: <EP 1 039508 A2_l_> 



5 



EP 1 039 508 A2 



6 



strate to be processed from/to the conveyor robot in a 
substantially horizontal state. 

[0039] In the anodizing apparatus according to the 
first aspect of the present invention, for example, the 
support portion preferably has a structure capable of re- 
ceiving/transferring the substrate to be processed from/ 
to the conveyor robot supporting the substrate from the 
lower side. 

[0040] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., a driving mechanism for moving the nega- 
tive electrode. 

[0041] In the anodizing apparatus according to the 
first aspect of the present invention, for example, the 
driving mechanism preferably removes the negative 
electrode from the anodizing tank when the substrate to 
be processed is to be held by the holding portion, and 
makes the negative electrode oppose the substrate 
when the substrate is to be anodized. 
[0042] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e. g. : a supply portion for supplying the e lectrolyte 
into the anodizing tank. 

[0043] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g. : a discharge portion for discharging the elec- 
trolyte from the anodizing tank. 

[0044] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., a circulation system for circulating the elec- 
trolyte while supplying the electrolyte into the anodizing 
tank and simultaneously discharging the electrolyte 
from the anodizing tank. 

[0045] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., a supply portion for supplying a cleaning 
solution into the anodizing tank after the substrate is an- 
odized. 

[0046] The anodizing apparatus according to the first 
aspect of the present invention preferably further com- 
prises, e.g., a discharge portion for discharging the 
cleaning solution from the anodizing tank. 
[0047] The anodizing apparatus according to the first 
aspect of the present invention can preferably be used 
as, e.g., an apparatus for filling the anodizing tank with 
the electrolyte to anodize the substrate and then filling 
the anodizing tank with the cleaning solution to wash the 
substrate. 

[0048] The anodizing apparatus according to the first 
aspect of the present invention can preferably be used 
as, e.g., an apparatus for filling the anodizing tank with 
the electrolyte to anodize the substrate, filling the ano- 
dizing tank with the cleaning solution to wash the sub- 
strate, and then drying the substrate. 
[0049] According to the second aspect of the present 
invention, there is provided an anodizing apparatus for 
anodizing a substrate, characterized by comprising an 
anodizing tank, a negative electrode, a positive elec- 



trode, a first supply portion for supplying an electrolyte 
to a space between the negative electrode and the sub- 
strate using the anodizing tank to anodize the substrate 
by applying a voltage between the negative electrode 

5 and the positive electrode, and a second supply portion 
for supplying a cleaning solution to the substrate using 
the anodizing tank to wash the anodized substrate. 
[0050] The anodizing apparatus according to the sec- o 
ond aspect of the present invention preferably further 

10 comprises, e.g., a rotary driving mechanism for rotating 
the washed substrate in the anodizing tank to dry the 
substrate. 

[0051] According to the third aspect of the present in- 
vention, there is provided a processing apparatus for a 

is substrate, characterized by comprising a process tank 
and processing means for performing, for the substrate 
in the process tank, at least two consecutive processes 
of anodizing, washing, and drying. 
[0052] In the substrate processing apparatus accord- 

20 jng to the third aspect of the present invention, for ex- 
ample, the processing means preferably processes the 
substrate while keeping the substrate in a substantially 
horizontal state. 

[0053] In the substrate processing apparatus accord- 
25 ing to the third aspect of the present invention, for ex- 
ample, the processing means preferably processes the 
substrate while supporting the substrate only from a low- 
er side. 

[0054] The substrate processing apparatus according 

30 to the third aspect of the present invention preferably 
further comprises, e.g., substrate manipulation means 
for receiving the substrate from a conveyor robot in a 
substantially horizontal state and processing the sub- 
strate, and transferring the processed substrate to the 

35 conveyor robot in the substantially horizontal state. 
[0055] In the substrate processing apparatus accord- 
ing to the third aspect of the present invention, for ex- 
ample, the substrate manipulation means preferably 
manipulates the substrate by supporting the substrate 

40 only from the lower side. 

[0056] According to the fourth aspect of the present 
invention, there is provided an anodizing system char- 
acterized by comprising any one of the above anodizing 
apparatuses, a conveyor robot for transferring an un- 

45 processed substrate to the anodizing apparatus, receiv- 
ing the processed substrate from the anodizing appara- 
tus, and conveying the processed substrate to a prede- 
termined position, and a control section for controlling 
anodizing by the anodizing apparatus and substrate 

50 conveyance by the conveyor robot. 

[0057] According to the fifth aspect of the present in- 
vention, there is provided an anodizing system charac- 
terized by comprising any one of the above anodizing 
apparatuses, a conveyor robot for transferring an un- 

55 processed substrate to the anodizing apparatus while 
supporting the substrate from a lower side in a substan- 
tially horizontal state, receiving the anodized substrate 
from the anodizing apparatus while supporting the sub- 
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strate from the lower side in the substantially horizontal 
state, and conveying the anodized substrate to a prede- 
termined position, and a control section tor controlling 
anodizing by the anodizing apparatus and substrate 
conveyance by the conveyor robot. 5 
[0058] According to the sixth aspect of the present in- 
vention, there is provided an anodizing system charac- 
terized by comprising any one of the above anodizing 
apparatuses, a washing/drying apparatus for washing 
and drying an anodized substrate, a conveyor robot for to 
transferring an unprocessed substrate to the anodizing 
apparatus, receiving the anodized substrate from the 
anodizing apparatus, transferring the anodized sub- 
strate to the washing/drying apparatus, receiving the 
washed and dried substrate from the washing/drying ap- ts 
paratus, and conveying the washed and dried substrate 
to a predetermined position, and a control section for 
controlling anodizing by the anodizing apparatus, wash- 
ing/drying by the washing/drying apparatus, and sub- 
strate conveyance by the conveyor robot. 20 
[0059] According to the seventh aspect of the present 
invention, there is provided a processing method for a 
substrate, characterized by comprising the first step of 
substantially horizontally holding the substrate, making 
a negative electrode oppose an upper surface of the 25 
substrate, placing a positive electrode on a lower side 
of the substrate, and filling a space between the sub- 
strate and the negative electrode with an electrolyte, 
and the second step of applying a voltage between the 
negative electrode and the positive electrode to anodize 30 
the substrate while preventing a gas generated by an 
anodizing reaction from staying on a lower side of the 
negative electrode. 

[0060] In the substrate processing method according 
to the seventh aspect of the present invention, for ex- 35 
ample, a negative electrode having a structure for pre- 
venting the gas from staying on the lower side is prefer- 
ably used as the negative electrode. 
[0061] In the substrate processing method according 
to the seventh aspect of the present invention, for ex- *o 
ample, a negative electrode having a degassing hole for 
preventing the gas from staying on the lower side is pref- 
erably used as the negative electrode. 
»[0062] According to the eighth aspect of the present 
invention, there is provided a processing method for a «5 
substrate, characterized by comprising the first step of 
anodizing the substrate using an anodizing tank, and the 
second step of washing the anodized substrate using 
the anodizing tank. 

[0063] The substrate processing method according to so 
the eighth aspect of the present invention preferably fur- 
ther comprises, e.g., the third step of drying the washed 
substrate in the anodizing tank. 

[0064] According to the ninth aspect of the present in- 
vention, there is provided a method of manufacturing a 55 
substrate, characterized by comprising the steps of 
forming a porous layer on a surface of a substrate by 
any one of the above substrate processing methods, 



preparing a first substrate having at least a semiconduc- 
tor layer on the porous layer, bonding a second sub- 
strate to a surface of the first substrate on a side of the 
semiconductor layer to prepare a bonded substrate 
stack, and separating the bonded substrate stack into 
two substrates at the porous layer. 
[0065] Further objects, features and advantages of 
the present invention will become apparent from the fol- 
lowing detailed description of the embodiments of the 
present invention with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0066] 

Figs. 1 A to 1 E are views for explaining the steps in 
manufacturing an SOI substrate according to a pre- 
ferred embodiment of the present invention; 
Fig. 2 is a view showing the schematic arrangement 
of an anodizing apparatus according to the first em- 
bodiment of the present invention; 
Fig. 3 is a view showing the schematic arrangement 
of the anodizing apparatus according to the first em- 
bodiment of the present invention, 
Fig. 4 is a view showing the schematic arrangement 
of the anodizing apparatus according to the first em- 
bodiment of the present invention; 
Fig. 5 is a view showing the schematic arrangement 
of the anodizing apparatus according to the first em- 
bodiment of the present invention; 
Fig. 6 is a view showing the schematic arrangement 
of the anodizing apparatus according to the first em- 
bodiment of the present invention; 
Fig. 7 is a view showing the schematic arrangement 
of the anodizing apparatus according to the first em- 
bodiment of the present invention; 
Fig. 8 is a view showing the schematic arrangement 
of the anodizing apparatus according to the first em- 
bodiment of the present invention; 
Fig. 9 is a view showing the schematic arrangement 
of the anodizing apparatus according to the first em- 
bodiment of the present invention; 
Fig. 10 is a plan view showing part of the anodizing 
apparatus shown in Figs. 2 to 9; 
Fig. 11 is a plan view showing the schematic ar- 
rangement of an anodizing system having the ano- 
dizing apparatus shown in Figs. 2 to 10: 
Fig. 1 2 is a flow chart showing the schematic oper- 
ation of the anodizing system 200 shown in Fig. 11 ; 
Fig. 1 3 is a view showing the schematic arrange- 
ment of a post-processing apparatus according to 
the second embodiment of the present invention; 
Fig. 14 is a view showing the schematic arrange- 
ment of the post-processing apparatus according to 
the second embodiment of the present invention; 
Fig. 15 is a view showing the schematic arrange- 
ment of the post-processing apparatus according to 
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the second embodiment of the present invention; 
Fig. 16 is a view showing the schematic arrange- 
ment of the post-processing apparatus according to 
the second embodiment of the present invention; 
Fig. 17 is a plan view showing the schematic ar- 
rangement o1 an anodizing system according to the 
second embodiment of the present invention; 
Fig. 18 is a view schematically showing the flow of 
processes ol a silicon substrate by an anodizing 
system 500 shown in Fig. 17; 
Fig. 1 9 is a flow chart schematically showing the op- 
eration of the anodizing system shown in Fig. 17 in 
processing one silicon substrate; and 
Fig. 20 is a view showing the arrangement of a con- 
ventional anodizing apparatus (Japanese Patent 
Laid-open No. 60-94737). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0067] Preferred embodiments of the present inven- 
tion will be described below. 

[0068] As a representative example of a substrate 
having a porous silicon layer, which is manufactured by 
an anodizing apparatus according to a preferred em- 
bodiment of the present invention, a method of manu- 
facturing an SOI substrate will be described first. 
[0069] Figs. 1A to 1E are views for explaining the 
steps in manufacturing an SOI substrate according to 
the preferred embodiment of the present invention. 
[0070] In the step shown in Fig. 1 A, a single-crystal 
Si substrate 11 is prepared, and a porous Si layer 12 is 
formed on the surface of the single-crystal Si substrate 
1 1 using an anodizing apparatus according to an em- 
bodiment to be described later. As the porous Si layer 
12, a porous layer having a multilayered structure hav- 
ing a plurality of layers with different porosities may be 
formed by changing the process conditions stepwise. 
[0071] In the step shown in Fig. 1B, a single-crystal 
Si layer 1 3 as a non-porous layer is formed on the po- 
rous Si layer 12 by epitaxial growth. The surface ol the 
single-crystal Si layer 1 3 is oxidized to form an Si0 2 lay- 
er 1 4 as a non-porous insulating layer. With this process, 
a first substrate 10 is formed. 

[0072] In the step shown in Fig. 1C, a single-crystal 
Si substrate is prepared as a second substrate 20. The 
first substrate 10 and second substrate 20 are brought 
into tight contact with each other at room temperature 
while making the Si0 2 layer 14 of the first substrate 10 
oppose the second substrate 20. After that, these sub- 
strates may be subjected to anodic bonding, pressing, 
heating, or a combination thereof. With this processing, 
a bonded substrate stack 30 in which the second sub- 
strate 20 and Si0 2 layer 14 are firmly bonded is formed. 
The Si0 2 layer 14 may be formed either on the single- 
crystal Si substrate 11 side, on the second substrate 20, 
or on both substrates as far as the state shown in Fig. 
1C is obtained upon bringing the first and second sub- 



strates into tight contact with each other. 
[0073] In the step shown in Fig. 1 D, the bonded sub- 
strate stack 30 is separated at the porous Si layer 12. 
The second substrate side (10" + 20) has a multilayered 
5 structure of porous Si layer 127single-crystal Si layer 
1 3/insulating layer 14/single-crystal Si substrate 20. The 
first substrate side (10') has a structure wherein a po- 
rous Si layer 12' is formed on the single-crystal Si sub- 
strate 11. 

io [0074] After the remaining porous Si layer 12' is re- 
moved, and the surface on the first substrate side (10') 
after separation is planarized as needed, the first sub- 
strate is used as a single-crystal Si substrate 11 or a 
second substrate 20 for forming a first substrate 10 

is again. 

[0075] After the bonded substrate stack 30 is sepa- 
rated, in the step shown in Fig. 1E, the porous layer 12" 
on the surface on the second substrate side (10" + 20) 
is selectively removed. With this process, a substrate 
20 having a multilayered structure of a single-crystal Si lay- 
er 1 3/insulating layer 14/single-crystal Si substrate 20, 
i.e., an SOI structure is obtained. 
[0076] Formation of a porous silicon substrate by an 
anodizing reaction or formation of pores is performed in, 
25 e.g., an HF solution. It is known that the presence of 
holes in the silicon substrate is essential for this process. 
The reaction mechanism is estimated as follows. 
[0077] First, holes in a silicon substrate applied with 
an electric field in an HF solution are induced on the 
30 surface of the silicon substrate on the negative electrode 
side. Consequently, the density of Si-H bonds compen- 
sating for the unbonded element on the surface of the 
silicon substrate becomes high. At this time, F ions in 
the HF solution on the negative electrode side nucle- 
us ophilically attack the Si-H bonds to form Si-F bonds. By 
this reaction, H 2 molecules are generated, and simulta- 
neously, one electron is emitted to the positive electrode 
side. 

[0078] When Si-F bonds are formed, Si-Si bonds near 
40 the surface of the silicon substrate weaken due to the 
polarization characteristics of Si-F bonds. Tnese weak 
Si-Si bonds are attacked by HF or H 2 0, and Si atoms 
on the crystal surface form SiF 4 and are eliminated from 
the crystal surface. As a consequence, recessed por- 
45 tions are formed in the crystal surface. A field distribution 
(field concentration) for preferentially attracting holes is 
generated at this portion. When this surface heteroge- 
neity extends, etching of silicon atoms continuously 
progresses along the electric field. 
so [0079] As described above, since the presence of 
holes is essential for anodizing, a p-type silicon sub- 
strate is preferable as a substrate to be processed. How- 
ever, an n-type silicon substrate can also be used by 
irradiating it with light to prompt hole generation. 
55 [0080] The solution used for anodizing is not limited 
to the HF solution, and any other electrolytic solution 
can be used. 

[0081 ] Anodizing apparatuses according to preferred 
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embodiments of the present invention will be described 
below. 

[First Embodiment] 

[0082] Figs. 2 to 9 are views showing the schematic 
arrangement of an anodizing apparatus according to the 
first embodiment of the present invention. Fig. 10 is a 
plan view showing part of an anodizing apparatus 100 
shown in Figs. 2 to 9. 

[0083] In the anodizing apparatus 100 according to 
the first embodiment of the present invention, a series 
of processes including anodizing, washing, and drying 
can be executed. According to this anodizing apparatus 
100, the substrate need not be conveyed between units 
for individually performing anodizing, washing, and dry- 
ing: Hence, for example, 1) the productivity is high, 2) 
the substrate can be prevented from dropping, and 3) 
the apparatus can be made compact. 
[0084] In the anodizing apparatus 100, the series of 
processes including anodizing, washing, and drying are 
performed while horizontally holding a substrate to be 
processed. Hence, for example, when a substrate is re- 
ceived from a conveyor robot which horizontally holds 
and conveys the substrate, the substrate can be sub- 
jected to the series of processes without rotating the 
substrate (e.g., vertically setting the substrate) . For this 
reason, the substrate manipulation efficiency can be im- 
proved. 

[0085] In the anodizing apparatus 100, anodizing, 
washing, and drying are performed while supporting a 
substrate to be processed from the lower side. Hence, 
the risk of dropping the substrate can be reduced. 
[0086] In the anodizing apparatus 100, a substrate is 
anodized while substantially horizontally holding the 
substrate such that the surface on which a porous layer 
is to be formed is directed upward. With this arrange- 
ment, a gas generated by an anodizing reaction can be 
quickly removed from the substrate surface, and the gas 
can be prevented from moving along the substrate sur- 
face. According to this anodizing apparatus 1 00, a high- 
quality substrate can be manufactured at high yield. In 
the anodizing apparatus 100, a negative electrode op- 
posing : the substrate is arranged above the substrate 
because the substrate is substantially horizontally held 
such that the surface on which a porous layer is to be 
formed is directed upward. In this case, a gas (e.g., hy- 
drogen gas) generated by the anodizing reaction stays 
on the lower side of the negative electrode, resulting in 
a decrease in anodizing efficiency. To prevent this, the 
anodizing apparatus 100 has a means for preventing a 
gas from staying on the lower side of the negative elec- 
trode, thereby preventing any decrease in anodizing ef- 
ficiency. 

[0087] In the anodizing apparatus 100, since a sub- 
strate manipulation member is brought into contact with 
only the lower surface of the substrate to be processed, 
i.e., the surface on which no porous layer is to be 



formed, contamination or damage to the substrate sur- 
face, i.e., the surface on which a porous layer is to be 
formed can be effectively prevented. 
[0088] In the anodizing apparatus 1 00, since a current 

5 is supplied, via a silicon material, to the lower surface 
of the substrate to be processed, contamination of the 
lower surface of the substrate can be prevented. 
[0089] In the anodizing apparatus 100 : since a posi- o 
tive electrode is caused to chuck the substrate to be 

10 processed, satisfactory contact between the substrate 
and the positive electrode can be maintained, and fail- 
ures in anodizing due to power supply errors can be re- 
duced. 

[0090] The arrangement of the anodizing apparatus 
15 100 according to the first embodiment of the present in- 
vention will be described below. 

[0091] The anodizing apparatus 1 00 has an elevating 
mechanism for a silicon substrate 101 to be processed 
as a mechanism for receiving the silicon substrate 101 

20 from a conveyor robot and moving the substrate to the 
process position and also transferring the processed sil- 
icon substrate 101 to the conveyor robot or anothercon- 
veyor robot. This elevating mechanism vertically moves 
the silicon substrate 101 while supporting the lower sur- 

2S face of the silicon substrate 101 from the lower side by 
three lift pins 111 standing on an annular member 110. 
The annular member 110 is coupled to the upper end of 
a rod 112 of an elevating actuator (e.g., an air cylinder) 
11 3 and driven by the actuator 113. 

30 [0092] The anodizing apparatus 100 has an anodizing 
tank (process tank) 1 02 on the upper side and a support 
member 131 for supporting the anodizing tank 102 on 
the lower side. 

[0093] The anodizing tank 102 is made of a material 

35 having resistance to the process solution for anodizing. 
When an HF solution is employed as the process solu- 
tion for anodizing, the anodizing tank 102 is preferably 
formed from polytetrafluoroethylene- (tradename: Te- 
flon) as an HF-resistant material. 

40 [0094] A circular opening portion 103 is formed at the 
bottom portion of the anodizing tank 102 so that a pos- 
itive electrode 114 can be brought into direct contact 
with the silicon substrate 101 . An annular chuck pad 104 
is attached to the bottom portion of the anodizing tank 

45 102 along the opening portion 103. The chuck pad 104 
is formed from, e.g., perfluoroethylene. The chuck pad 
104 has on its surface an annular groove 104a for vac- 
uum-chucking the silicon substrate 101. The groove 
104a communicates with a vacuum line 134 through a 

50 suction hole 105. The vacuum line 134 is connected to 
a vacuum pump (not shown). 

[0095] When the silicon substrate 101 is chucked by 
the chuck pad 104, the anodizing tank 102 can be filled 
with a process solution for anodizing or a process solu- 
55 tion for washing. 

[0096] The anodizing tank 1 02 has two injection ports 
106a and 106b for injecting process solutions into the 
tank and two discharge ports 108a and 108b for dis- 
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charging process solutions. The injection ports 106a 
and 106b communicate with process solution supply 
lines 107a and 107b, respectively. The discharge ports 
108a and 108b communicate with process solution re- 
covery lines 109a and 109b, respectively. Referring to 
FIGS. 2 to 9, only one set ol injection port, discharge 
port, supply line, and recovery line are shown for the 
illustrative convenience. 

[0097] I n this embodiment, to anodize the silicon sub- 
strate 101 , a circulation system for circulating a process 
solution (e.g., an HF solution) for anodizing by supplying 
it into the anodizing tank 102 through the supply line 
107a and recovering the process solution through the 
recovery line 109a is constructed. To wash the anodized 
silicon substrate 101 , a process solution for washing (e. 
g., pure water) is supplied into the anodizing tank 102 
through the supply line 107b and recovered to a recov- 
ery tank through the recovery line 109b. Each process 
solution may be supplied from the upper side of the sil- 
icon substrate 101. 

[0098] When the silicon substrate 101 is to be ano- 
dized, the anodizing tank 102 is filled with a process so- 
lution for anodizing. In this state, a negative electrode 
1 29 is dipped into the process solution and made to op- 
pose the silicon substrate 101. Simultaneously, the pos- 
itive electrode 1 1 4 is brought into contact with the lower 
surface of the silicon substrate 101 . 
[0099] The negative electrode 129 has a plurality of 
degassing holes 130 to prevent a gas (e.g., hydrogen 
gas) generated by the anodizing reaction from staying 
on the lower side of the negative electrode 1 29. Instead 
of forming the degassing holes 1 30 in the negative elec- 
trode 129, a mesh-like negative electrode 129 may be 
used. 

[0100] The negative electrode 129 is coupled to the 
shaft of a motor 127 through a coupling member 128 
and manipulated by the motor 127. More specifically, 
when anodizing is to be performed, the negative elec- 
trode 129 is pivoted by the motor 127 to an opposite 
position of the silicon substrate 101. In this state, the 
electrode surface of the negative electrode 129 is set 
horizontally. When a process other than anodizing is to 
be performed, the negative electrode 129 is pivoted by 
the motor 127 to the upper side of the anodizing tank 
102. The negative electrode 129 is connected to the 
negative electrode of a power supply unit (not shown). 
[01 01] The motor 1 27 also has a function of finely ad- 
justing the interval between the negative electrode 129 
and the silicon substrate 101 while keeping the negative 
electrode 129 and silicon substrate 101 substantially 
parallel. This allows a change in anodizing condition. 
However, the negative electrode 129 can be vertically 
moved by only a small amount while keeping the nega- 
tive electrode 129 and silicon substrate 101 substantial- 
ly parallel. To increase this amount, for example, a ma- 
nipulation mechanism for moving the negative electrode 
1 29 in the vertical direction is preferably employed. 
[0102] The negative electrode 129 is preferably 



formed from a material having resistance to a process 
solution for anodizing. For example, when an HF solu- 
tion is employed as the process solution for anodizing, 
the negative electrode 129 is preferably made of, e.g., 
5 platinum as an HF-resistant material. 

[01 03] The positive electrode 11 4 is preferably formed 
from the same material as that of the silicon substrate 
101 , i.e., a silicon material at at least a portion in contact 
with the silicon substrate 101. This silicon material pref- 
10 erably has a low resistivity. When the positive electrode 

114 is made of a silicon material, the silicon substrate 
101 can be prevented from being contaminated by the 
material of the positive electrode 114. Since the positive 
electrode 1 1 4 does not come into contact with the proc- 

75 ess solution (e.g., an HF solution) for anodizing, the sur- 
face of the positive electrode rarely changes its quality 
even when the positive electrode 114 is formed from a 
silicon material. 

[0104] The positive electrode 114 has on its surface 
20 an annular groove 115 for vacuum chuck to chuck the 
lower surface of the silicon substrate 101. The groove 

115 communicates with a vacuum line 120 through a 
suction hole 118 and sealing portion 119. The vacuum 
line 120 is connected to a vacuum pump (not shown). 

25 The suction hole 118 communicates with the side sur- 
face of a rotating shaft 135 through a lower electrode 

116 and electrode support member 117. The annular 
sealing portion 119 is attached to the outer surface of 
the rotating shaft 135 to surround the outlet of the suc- 

30 tion hole 118. The sealing portion 119 is coupled to the 
vacuum line 120. Hence, when the vacuum pump con- 
nected to the vacuum line 120 is actuated, the silicon 
substrate 1 01 can be chucked on the surface of the pos- 
itive electrode 114. 
35 [01 05] The lower electrode 1 1 6 is an electrode for ap- 
plying a voltage at an equipotential to the entire surface 
of the positive electrode 114. The lower electrode 116 
preferably has a mechanism for attaching/detaching the 
positive electrode 114 such that the positive electrode 
40 114 can be easily exchanged when it is contaminated 
or damaged. 

[01 06] The lower electrode 11 6 is connected to an an- 
nular electrode 121 fixed to the rotating shaft 135 
through a lead line 122. The annular electrode 121 is 
45 connected to a lead line 123 through a contact brush 
(not shown) . The lead line 1 23 is connected to the pos- 
itive terminal of a power supply unit (not shown). 
[0107] The lower electrode 116 is fixed on the elec- 
trode support member 117 lormed from an insulating 
so material. The electrode support member 117 is fixed to 
the rotating shaft 1 35 of a motor 1 24. Hence, the positive 
electrode 114, lower electrode 116, electrode support 
member 117, and rotating shaft 1 35 are integrally rotat- 
ed by a driving force generated by the motor 124. 
[01 08] The motor 1 24 is fixed on a rod 1 25 of an ele- 
vating actuator (e.g., an air cylinder) 1 26. The motor 124 
and the structure thereon are vertically moved by a driv- 
ing force generated by the elevating actuator 126. 
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[01 09] The support member 1 31 supports the anodiz- 
ing tank 102 and also the elevating actuators 113 and 
126. 

[0110] Fig. 11 is a plan view showing the schematic 
arrangement of an anodizing system having the anodiz- 
ing apparatus 100 shown in Figs. 2 to 10. 
[0111] An anodizing system 200 comprises two ano- 
dizing apparatuses 100 shown in Figs. 2 to 10, a loader 
201 , an unloader 202, a conveyor robot 205, and a con- 
troller 210. In this anodizing system 200, the series of 
processes including anodizing, washing, and drying are 
executed parallelly using the two anodizing apparatuses 
100, thereby improving the throughput. Three or more 
anodizing apparatuses may be used. This arrangement 
further improves the throughput. 
[0112] FIG. 12 is a flow chart showing the schematic 
operation of the anodizing system 200 shown in Fig. 11 
Processes shown in this flow chart are controlled by the 
controller 210. The controller 210 has an input section 
(operation section) for inputting various instructions, a 
display section for displaying the process situation and 
the like, a memory storing a program, a CPU for execut- 
ing the program, and a driving section for driving each 
unit in accordance with an instruction from the CPU. The 
controller 21 0 can be constructed by a general computer 
system. 

[0113] The anodizing system 200 starts processes 
shown in Fig. 12 when a carrier 203 which stores an 
unprocessed silicon substrate 101 is set on the loader 
201 , a carrier 204 for storing a processed silicon sub- 
strate 101 is set on the unloader 202, and the user in- 
structs to start processes. For the descriptive conven- 
ience, only processes using one anodizing apparatus 

100 will be described below. In fact, this anodizing sys- 
tem 200 can simultaneously process two silicon sub- 
strates 101 using two anodizing apparatuses 100. 

[01 14] First, in step S301 , the elevating actuator 1 1 3 
moves the lift pins 1 1 1 upward, as shown in Fig. 2. The 
conveyor robot 205 extracts the silicon substrate 101 
horizontally stored in the carrier 203 on the loader 201 
by supporting the lower surface of the substrate from 
the lower side, and places the silicon substrate 101 on 
the lift pins 111 while keeping the substrate horizontal. 
[0115] In step S302, as shown in Fig. 3, the elevating 
actuator 113 moves the lift pins 111 supporting the sili- 
con substrate 101 from the lower side to the lower end. 
In the course of downward movement of the lift pins 111 
to the lower end, the silicon substrate 101 is supported 
from the lower side by the chuck pad 1 04 at the bottom 
portion of the anodizing tank 1 02. Pressu re in the groove 
1 04a of the chuck pad 1 04 is reduced to cause the chuck 
pad 1 04 to chuck the silicon substrate 101. 
[0116] In step S303, as shown in Fig. 3, the negative 
electrode 129 is made to oppose the silicon substrate 

101 by the motor 127. 

[0117] In step S304, the elevating actuator 126 moves 
the positive electrode 114 upward and brings the sur- 
face of the positive electrode 114 into contact with the 



lower surface of the silicon substrate 101. Pressure in 
the groove 115 on the surface of the positive electrode 
114 is reduced to cause the positive electrode 114 to 
chuck the silicon substrate 101 . 

5 [0118] In step S305, as shown in Fig. 4, an HF solution 
1 32 as a process solution (electrolyte) for anodizing is 
injected into the anodizing tank 102 from the injection 
port 106a through the supply line 107a to fill the tank o 
with the solution. At the same time, the HF solution is 

10 circulated by a circulation system (not shown) while dis- 
charging the HF solution 132 from the discharge port 
108a through the recovery line 109a. 
[0119] This circulation system includes not only the 
anodizing tank 102, injection port 106a, discharge port 

is 108a, supply line 107a, and recovery line 109a but also 
a tank storing the HF solution 1 32, circulation pump, and 
filter. The circulation system may also include a densit- 
ometer and a concentration adjustment unit for increas- 
ing/decreasing the concentration of the HF solution 1 32 

20 jn accordance with the measurement result by the den- 
sitometer and the target concentration. The concentra- 
tion of the HF solution 132 can be measured by, e.g., 
measuring the absorbance. 

[0120] In step S306, as shown in Fig. 4, while circu- 
25 lating the HF solution 1 32, a voltage is applied between 
the negative electrode 129 and the positive electrode 
114 by a power supply unit (not shown) to anodize the 
silicon substrate 101 . With this process, a porous silicon 
layer is formed on the surface of the silicon substrate 
30 101. The power supply unit has a function of adjusting 
the voltage and current to be output under the control of 
the controller 210. 

[0121] In step S307, as shown in Fig. 5, the negative 
electrode 129 is retreated upward by the motor 127. 
35 [0122] In step S308, as shown in Fig. 5, supply of the 
HF solution is stopped, and the HF solution is recovered 
from the anodizing tank 102 through the recovery line 
109a. 

[0123] In step S309 : as shown in Fig. 6, the silicon 

40 substrate 101 is released from the chuck pad 104. The 
silicon substrate 101 is moved upward by the elevating 
actuator 126 and rotated at a high speed by the motor 
124. With this operation, the HF solution sticking to the 
silicon substrate 101 is removed by a centrifugal force. 

45 Next, as shown in Fig. 7, the elevating actuator 126 
moves the silicon substrate 101 downward until the low- 
er surface of the silicon substrate 101 comes into con- 
tact with the chuck pad 104. After that, the chuck pad 
104 is caused to chuck the silicon substrate 101. Note 

50 that it is also effective to execute the series of processes 
at a higher speed by omitting step S309. 
[0124] In step S310, as shown in Fig. 7, a process so- 
lution (cleaning solution) 1 33 for washing is injected into 
the anodizing tank 102 from the injection port 106b 

55 through the supply line 1 07b to fill the tank. At the same 
time, the silicon substrate 101 is washed while recover- 
ing the cleaning solution 1 33 to a recovery tank from the 
discharge port 108b through the recovery line 109b. 
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[0125] As the cleaning solution 1 33, for example, pure 
water containing a surfactant is preferably used. More 
specifically, as the cleaning solution 133, pure water 
containing about 5% to 10% of alcohol as a surfactant 
is preferably used. When a cleaning solution containing 
a surfactant is used, the cleaning solution can be caused 
to effectively enter a number of pores in the porous sil- 
icon layer formed on the silicon substrate 101 . 
[0126] It is also effective to supply a surfactant to the 
silicon substrate 101 in the first step and then supply 
pure water to the silicon substrate 101 in the second 
step to wash the silicon substrate 101. 
[0127] Alternatively, an ultrasonic cleaning method 
may be applied to execute this washing process while 
supplying an ultrasonic wave to the silicon substrate 
101 . When an ultrasonic wave is supplied, the washing 
time can be shortened. 

[0128] In step S311 , as shown in Fig. 8, supply of the 
cleaning solution is stopped, and the cleaning solution 
is recovered from the anodizing tank 1 02 into the recov- 
ery tank through the recovery line 109b. 
[0129] In step S312, as shown in Fig. 9, the silicon 
substrate 101 is released from the chuck pad 104. The 
silicon substrate 101 is moved upward by the elevating 
actuator 126 and rotated at a high speed by the motor 
124. With this operation, the cleaning solution sticking 
to the silicon substrate 101 is removed by a centrifugal 
force so as to dry the silicon substrate 101 . 
[01 30] I n step S31 3, chuck of the silicon substrate 1 01 
by the positive electrode 114 is canceled. At the same 
time, as shown in Fig. 2, the elevating actuator 113 
moves the lift pins 111 upward to move the silicon sub- 
strate 101 upward to a predetermined position while 
keeping the silicon substrate 101 horizontally supported 
by the lift pins 111 from the lower side. Next, the con- 
veyor robot 205 receives the silicon substrate 101 on 
the lift pins 111 by supporting it from the lower side and 
stores the silicon substrate in the carrier 204 on the un- 
ioader 202 while keeping the horizontal state. 
[0131] In step S314, it is determined whether an un- 
processed silicon substrate 101 remains. If YES in step 
S31 4 the flow returns to step S301 to execute the proc- 
esses in steps S301 to S313 for the silicon substrate 
1 01 . If NO in step S31 4, the series of processes are end- 
ed. 

[Second Embodiment] 



[0132] An automatic anodizing apparatus according 
to the second embodiment of the present invention will 
be described below. The automatic anodizing apparatus 
of this embodiment has an anodizing apparatus 1 00 ac- 
cording to the first embodiment as an apparatus for per- 
forming anodizing, and a separate post-processing ap- 
paratus as an apparatus for executing washing and dry- 
ing. 

[0133] Figs. 1 3to 16 are views showingthe schematic 
arrangement of the post-processing apparatus accord- 



ing to the second embodiment of the present invention. 
Fig 17 is a plan view showing the schematic arrange- 
ment of an anodizing system according to the second 
embodiment of the present invention, 
s [0134] The arrangement of a post-processing appa- 
ratus 400 according to the preferred embodiment of the 
present invention will be described first with reference 
to Figs. 13 to 16. This post-processing apparatus 400 
schematically has the same arrangement as the anodiz- 
10 ing apparatus 100 of the first embodiment except that 
some functions are omitted. More specifically, since the 
post-processing apparatus 400 is used to wash and dry 
an anodized silicon substrate, it has an arrangement ob- 
tained by omitting electrodes for anodizing and associ- 
is ated constituent elements from the anodizing apparatus 
100 according to the first embodiment. Note that the an- 
odizing apparatus 100 of the first embodiment can be 
directly used as the post-processing apparatus. 
[0135] In the post-processing apparatus 400, a neg- 
20 ative electrode 129, and a coupling member 128 and 
motor 127 as associated constituent elements are omit- 
ted In the post-processing apparatus 400, a lower elec- 
trode 116 and a lead line 122, annular electrode 121, 
and lead line 123 as associated constituent elements 
25 are also omitted. 

[0136] The post-processing apparatus 400 has a 
chuck portion 144' in place of a positive electrode 114. 
Like the positive electrode 114, the chuck portion 144' 
is preferably formed from a silicon material. When the 
30 chuck portion 144' is formed from a silicon material, a 
silicon substrate 101 can be prevented from being con- 
taminated by the material of the chuck portion 114'. 
[01 37] The post-processing apparatus 400 has a sup- 
port portion 401 for supporting the chuck portion 114' in 
35 place of an electrode support portion 117. The support 
portion 401 preferably has a mechanism for attaching/ 
detaching the chuck portion 114' such that the chuck 
portion 1 1 4' can be easily exchanged when it is contam- 
inated or damaged. 
40 [01 38] The post-processing apparatus 400 has a ro- 
tating shaft 402 in place of a rotating shaft 135. The ro- 
tating shafts 135 and 402 are different only in that the 
rotating shaft 1 35 has a structure for supplying power to 
the silicon substrate 101 while the rotating shaft 402 
45 does not have the structure. 

[01 39] The post-processing apparatus 400 has, e.g. , 
a process tank 102' having the same structure as that 
of the anodizing tank of the anodizing apparatus 1 00 ac- 
cording to the first embodiment. 
so [01 40] An anodizing system 500 according to the pre- 
ferred embodiment of the present invention will be de- 
scribed next with reference to Fig. 17. The anodizing 
system 500 comprises two anodizing apparatuses 1 00a 
and 100b shown in Figs. 2 to 10, two post-processing 
55 apparatuses 400a and 400b shown in Figs. 1 3 to 1 6, a 
loader 201 , an unloader 202, a conveyor robot 205, and 
a controller 510. In this automatic anodizing system 500, 
anodizing, washing, and drying are executed parallelly 
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using the two anodizing apparatuses and two post- 
processing apparatuses, thereby improving the 
throughput. Three or more anodizing apparatuses and 
post-processing apparatuses may be used. This ar- 
rangement further improves the throughput. 
[0141] Fig. 18 is a view schematically showing the 
flow of processes of a silicon substrate by the anodizing 
system 500 shown in Fig. 17. Referring to Fig. 18, sub- 
strate No. x (e.g., substrate No. 1) indicates the number 
of a silicon substrate to be processed. In addition, tx (e. 
g., tl) indicates an operation sequence of the conveyor 
robot 205, and the silicon substrate 101 is conveyed in 
the order of t1, t2, t3,.... Horizontal lines in Fig. 18 indi- 
cate processes by the first anodizing apparatus 100a, 
second anodizing apparatus 100b, first post-processing 
apparatus 400a, and second post-processing appara- 
tus 400b. Oblique lines in Fig. 18 indicate conveyance 
by the conveyor robot 205. 

[0142] In the anodizing system 500, anodizing and 
washing/drying are executed by diflerent apparatuses. 
For this reason, a process solution for anodizing and 
process solution for washing (cleaning solution) can be 
prevented from mixing in the tank. 
[0143] Fig. 19 is a flow chart schematically showing 
the operation of the anodizing system shown in Fig. 1 7 
in processing one silicon substrate. 
[0144] First, in step S601, an elevating actuator 113 
of the anodizing apparatus 100a or 100b moves lift pins 
111 upward, as shown in Fig. 2. The conveyor robot 205 
extracts the silicon substrate 101 horizontally stored in 
the carrier 203 on the loader 201 by supporting the lower 
surface of the substrate from the lower side, and places 
the silicon substrate 101 on the lift pins 111 of the ano- 
dizing apparatus 100a or 100b while keeping the sub- 
strate 101 horizontal. 

[0145] In step S602, as shown in Fig. 3, the elevating 
actuator 113 of the anodizing apparatus 100a or 100b 
moves the lift pins 111 supporting the silicon substrate 
101 from the lower side to the lower end. In the course 
of downward movement of the lift pins 111 to the lower 
end, the silicon substrate 101 is supported from the low- 
er side by a chuck pad 104 at the bottom portion of an 
anodizing tank 102. Pressure in a groove 104a of the 
chuck pad 104 is reduced to cause the chuck pad 104 
to chuck the silicon substrate 101 . 
[0146] In step S603, as shown in Fig. 3, a negative 
electrode 129 is made to oppose the silicon substrate 
101 by a motor 127. 

[0147] In step S604, an elevating actuator 1 26 of the 
anodizing apparatus 100a or 100b moves a positive 
electrode 114 upward and brings the surface of the pos- 
itive electrode 114 into contact with the lower surface of 
the silicon substrate 101. Pressure in a groove 115 on 
the surface of the positive electrode 114 is reduced to 
cause the positive electrode 114 to chuck the silicon 
substrate 101. 

[0148] In step S605, as shown in Fig. 4, an HF solution 
132 as a process solution (electrolyte) for anodizing is 



injected into the anodizing tank 102 from an injection 
port 106a through a supply line 107a to fill the tank with 
the solution. At the same time, the HF solution 132 is 
circulated by a circulation system (not shown) while re- 
s moving the HF solution 1 32 from a discharge port 1 08a 
through a recovery line 109a. 

[0149] As described above, this circulation system in- 
cludes not only the anodizing tank 102, injection port 
106a, discharge port 108a, supply line 107a, and recov- 
10 ery line 109a but also a tank storing the HF solution 132, 
circulation pump, and filter. The circulation system may 
also include a densitometer and a concentration adjust- 
ment unit for increasing/decreasing the concentration of 
the HF solution 132 in accordance with the measure- 
rs ment result by the densitometer and the target concen- 
tration. The concentration of the HF solution 1 32 can be 
measured by, e.g., measuring the absorbance. 
[0150] In step S606, as shown in Fig. 4, while circu- 
lating the HF solution 132, a voltage is applied between 
20 the negative electrode 129 and the positive electrode 
114 by a power supply unit (not shown) to anodize the 
silicon substrate 1 01 . With this process, a porous silicon 
layer is formed on the surface of the silicon substrate 
101 . The power supply unit has a function of adjusting 
25 the voltage and current to be output under the control of 
the controller 510. 

[0151] In step S607, as shown in Fig. 5, the negative 
electrode 129 is retreated upward by a. motor 127. 
[0152] In step S608, as shown in Fig. 5, supply of the 
30 HF solution is stopped, and the HF solution is recovered 
from the anodizing tank 102 through the recovery line 
109a. 

[0153] In step S609 : as shown in Fig. 6, the silicon 
substrate 101 is released from the chuck pad 104. The 

35 silicon substrate 101 is moved upward by the elevating 
actuator 126 and rotated at a high speed by the motor 
124. With this operation, the HF solution sticking to the 
silicon substrate 101 is removed by a centrifugal force. 
[0154] In step S610, first, the silicon substrate 101 is 

40 released from the positive electrode 114. Simultaneous- 
ly, as shown in Fig. 2, the elevating actuator 113 moves 
the lift pins 111 upward to move the silicon substrate 101 
upward to a predetermined position while keeping the 
silicon substrate 101 horizontally supported by the lift 

45 pins 1 1 1 from the lower side. 

[0155] Parallelly to this operation, in the post- 
processing apparatus 400a or 400b, the elevating actu- 
ator 1 1 3 moves the lift pins 111 upward, as shown in Fig. 
13. 

50 [0156] The conveyor robot 205 receives the silicon 
substrate 101 on the lift pins 111 of the anodizing appa- 
ratus 1 00a or 1 00b by supporting the substrate from the 
lower side and places it on the lift pins 111 of the post- 
processing apparatus 400a or 400b while keeping the 

55 silicon substrate 101 set horizontally. 

[0157] In step S611 , as shown in Fig. 14, the elevating 
actuator 126 of the post-processing apparatus 400 
moves the lift pins 1 1 1 to the lower end to bring the lower 
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surface of the silicon substrate 1 01 into contact with the 
chuck pad 104. After that, the chuck pad 104 is caused 
to chuck the silicon substrate 1 01 . 
[0158] In step S612, as shown in Fig. 14, a process 
solution (cleaning solution) 133 tor washing is injected 
into the process tank 102' of the post-processing appa- 
ratus 400a or 400b from an injection port 106b through 
a supply line 107b to fill the tank. At the same time, the 
silicon substrate 101 is washed while recovering the 
cleaning solution 133 to a recovery tank from a dis- 
charge port 108b through a recovery line 109b. 
[01 59] As the cleaning solution 1 33, for example, pure 
water containing a surfactant is preferably used. More 
specifically, as the cleaning solution 133, pure water 
containing about 5% to 10% of alcohol as a surfactant 
is preferably used. When a cleaning solution containing 
a surfactant is used, the cleaning solution can be caused 
to effectively enter the porous silicon layer formed on 
the silicon substrate 101. 

[01 60] It is also effective to supply a surfactant to the 
silicon substrate 101 in the first step and then supply 
pure water to the silicon substrate 101 in the second 
step to wash the silicon substrate 101. 
[0161] Alternatively, an ultrasonic cleaning method 
may be applied to execute this washing process while 
supplying an ultrasonic wave to the silicon substrate 
101 . When an ultrasonic wave is supplied, the washing 
time can be shortened. 

[0162] In step S613, as shown in Fig. 15, supply of 
the cleaning solution is stopped, and the cleaning solu- 
tion is recovered from the process tank 1 02' of the post- 
processing apparatus 400a or 400b into the recovery 
tank through the recovery line 109b. 
[0163] In step S614, as shown in Fig. 16, the silicon 
substrate 101 is released from the chuck pad 104. The 
silicon substrate 101 is moved upward by the elevating 
actuator 126 and rotated at a high speed by the motor 
124. With this operation, the cleaning solution sticking 
to the silicon substrate 101 is removed by a centrifugal 
force so as to dry the silicon substrate 101 . 
[0164] In step S615, the silicon substrate 101 is re- 
leased Irom the positive electrode 114. At the same 
time, as shown in Fig. 13, the elevating actuator 113 of 
the post-processing apparatus 400a or 400b moves the 
lift pins 111 upward to move the silicon substrate 101 
upward to a predetermined position while keeping the 
silicon substrate 101 horizontally supported by the lift 
pins 111 from the lower side. Next, the conveyor robot 
205 receives the silicon substrate 1 01 on the lift pins 11 1 
by supporting it from the lower side and stores the silicon 
substrate in the carrier 204 on the unloader 202 while 
keeping the horizontal state. 

[0165] According to the present invention, for exam- 
ple, the substrate to be processed is horizontally held, 
the negative electrode is arranged above the substrate, 
and a gas is prevented from staying on the lower side 
of the negative electrode, thereby reducing the influence 
of the gas generated by the anodizing reaction. 



[0166] According to the present invention, for exam- 
ple of the positive electrode, at least a portion that 
comes into contact with the substrate to be processed 
is formed from a semiconductor material, thereby reduc- 
5 ing contamination of the substrate. 

[0167] According to the present invention, for exam- 
ple the substrate to be processed is supported only from 
the lower side, thereby reducing contamination of the 
substrate. 

10 [01 68] According to the present invention, for exam- 
ple, at least two consecutive processes of anodizing, 
washing, and drying are executed in one process tank, 
thereby increasing the speed of anodizing and a series 
of associated processes. 
is [0169] According to the present invention, for exam- 
ple, the substrate is transferred between the apparatus- 
es while keeping it in the horizontal state. This effectively 
prevents, e.g., drop of the substrate and facilitates to 
cope with the increase in substrate diameter. 
20 [0170] According to the present invention, for exam- 
ple, a series of processes are executed while supporting 
the substrate from the lower side in the horizontal state. 
This effectively prevents, e.g., drop of the substrate and 
facilitates to cope with the increase in substrate diame- 
25 ter. 

[0171] The present invention is not limited to the 
above embodiments and various changes and modifi- 
cations can be made within the spirit and scope of the 
present invention. Therefore, to apprise the public of the 
30 scope of the present invention, the following claims are 
made. 



Claims 



35 



An anodizing apparatus (100) for anodizing a sub- 
strate (101), characterised by comprising: 

a holding portion (104) for substantially hori- 
zontally holding the substrate (1 01 ) to be proc- 
essed; 

a negative electrode (129) arranged to be 
above the substrate (101) to oppose the sub- 
strate (101); 

a positive electrode (114) arranged to be under 
the substrate (101); and 
an anodizing tank (102) for filling a space be- 
tween the substrate (101) and said negative 
electrode (129) with an electrolyte, 
wherein said negative electrode (129) has a 
function (130) of preventing gas, generated 
during anodizing, from staying on its lower side. 

2 The apparatus according to claim 1 , characterized 
55 in that said negative electrode (1 29) has a degas- 
sing hole (1 30) for preventing the gas from staying 
on its lower side. 
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3. The apparatus according to claim 1 or 2, character- 
ised in that said positive electrode (114) is arranged 
to supply a current to the substrate (1 01 ) to be proc- 
essed while being in direct contact with a lower sur- 
face of the substrate (101) during anodizing. 

4. The apparatus according to any one of claims 1 to 

3, characterized in that of said positive electrode 
(114), at least a portion which comes into contact 
with the substrate (101) to be processed is formed 
from a semiconductor material. 

5. The apparatus according to any one of claims 1 to 

4, characterized by further comprising an electrode 
support portion (116, 117) supporting said positive 
electrode (114), said electrode support portion (116, 
117) having a mechanism for attaching/detaching 
said positive electrode (114). 

6. The apparatus according to any one of claims 1 to 

5, characterized in that said positive electrode (114) 
has a chuck mechanism (1 1 5) for chucking the sub- 
strate (101) to be processed. 

7. The apparatus according to claim 6, characterized 
in that said chuck mechanism (115) comprises a 
vacuum chuck mechanism. 

8. The apparatus according to any one of claims 1 to 
7, characterized in that said holding portion (104) is 
adapted to hold a peripheral portion of the lower sur- 
face of the substrate (101) to be processed. 

9. The apparatus according to any one of claims 1 to 
7, characterized in that said holding portion (104) 
has a chuck portion ( 1 04a) for holding the substrate 
(1 01 ) to be processed by chucking a peripheral por- 
tion of the lower surface of the substrate (101). 

10. The apparatus according to any one of claims 1 to 
9, characterized in that said anodizing tank (102) 
has an opening portion (103) at a bottom portion 
and can be filled with a liquid when said holding por- 
tion (104) holds the substrate (101) to be proc- 
essed. 

11. The apparatus according to claim 10, characterized 
in that said positive electrode (114) comes into con- 
tact with the lower surface of the substrate (101 ) to 
be processed, inside the opening portion (103). 

12. The apparatus according to any one of claims 1 to 

11, characterized by further comprising an elec- 
trode elevating mechanism (126) for vertically mov- 
ing said positive electrode (114). 

13. The apparatus according to any one of claims 1 to 

12, characterized by further comprising a rotary 
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driving mechanism (124) for rotating the substrate 
(101 ) to be processed substantially in a horizontal 
plane to remove the liquid sticking to the substrate 
(101). 

14. The apparatus according to claim 6, characterized 
by further comprising a rotary driving mechanism 
(124) for, after the substrate (101 ) is released from 
said holding portion (104), rotating said positive 
electrode (114) chucking the substrate (101) sub- 
stantially in a horizontal plane to rotate the substrate 
(101). 



15. The apparatus according to any one of claims 1 to 
is 7, characterized in that said anodizing tank (102) 

has, at a bottom portion, an opening portion (103) 
for bringing said positive electrode (1 1 4) into con- 
tact with the lower surface of the substrate (1 01 ) to 
be processed, and said holding portion (104) is ar- 
20 ranged in an annular shape along the opening por- 
tion (103) at the bottom portion of said anodizing 
tank (102) and holds the peripheral portion of the 
lower surface of the substrate (101) to be proc- 
essed. 

25 

16. The apparatus according to claim 15, characterized 
by further comprising 
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an electrode elevating mechanism (126) for 
vertically moving said positive electrode (114), 
and 

a rotary driving mechanism (124) for, after said 
electrode elevating mechanism (126) moves 
the substrate (101 ) to be processed upward to 
a position where the substrate (101) is not in 
contact with said holding portion (104), rotating 
said positive electrode (114) chucking the sub- 
strate (101) substantially in a horizontal plane 
to rotate the substrate (101). 



17. The apparatus according to any one of claims 1 to 
16, characterized by further comprising a substrate 
manipulation mechanism (110 - 11.3) for receiving 
the substrate (101 ) to be processed from a convey- 

45 or robot (205) and causing said holding portion 
(104) to hold the substrate (101 ). 

18. The apparatus according to any one of claims 1 to 
16, characterized by further comprising a substrate 

so manipulation mechanism (110 - 113) for receiving 
the substrate (101 ) to be processed from a convey- 
or robot (205), causing said holding portion (104) to 
hold the substrate (101), and transferring the proc- 
essed substrate (101) to said conveyor robot (205) 

55 or another conveyor robot. 

19. The apparatus according to any one of claims 1 to 
16, characterized by further comprising an elevat- 
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ing mechanism (110 - 113) for receiving the sub- 
strate (101 ) to be processed from a conveyor robot 
(205) at an upper portion of said anodizing tank 
(102), moving the substrate (101) downward, and 
causing said holding portion (104) to hold the sub- 
strate (101). 

20. The apparatus according to any one of claims 1 to 
16, characterized by further comprising a substrate 
elevating mechanism (110 - 113) for receiving the 
substrate (101) to be processed from a conveyor 
robot (205) at an upper portion of said anodizing 
tank (102), moving the substrate (101) downward, 
causing said holding portion (104) to hold the sub- 
strate (101), receiving the processed substrate 
(101) from said holding portion (104), moving the 
substrate (101) upward, and transferring the sub- 
strate (1 01 ) to said conveyor robot (205) or another 
conveyor robot. 

21 . The apparatus according to claim 20, characterized 
in that said elevating mechanism has a support por- 
tion (111) for supporting the substrate (101) to be 
processed from the lower side and vertically moves 
the substrate (101) placed on said support portion 
(111). 

22. The apparatus according to claim 21 , characterized 
in that said support portion (111) receives/transfers 
the substrate to be processed from/to said conveyor 
robot (205) in a substantially horizontal state. 

23. The apparatus according to claim 21 or 22, 
characterized in that said support portion (111) has 
a structure capable of receiving/transferring the 
substrate (101) to be processed fromAo said con- 
veyor robot (205) supporting the substrate (101) 
from the lower side. 

24. The apparatus according to any one of claims 1 to 
' 23, characterized by further comprising a driving 

mechanism (127) for moving said negative elec- 
trode (129). 

25. The apparatus according to claim 24, characterized 
" in that said driving mechanism (127) removes said 

negative electrode (129) from said anodizing tank 
(102) when the substrate (101) to be processed is 
to be held by said holding portion (104), and makes 
said negative electrode (129) oppose the substrate 
(101) when the substrate (101) is to be anodized. 

26. The apparatus according to any one of claims 1 to 
" 25, characterized by further comprising a supply 

portion (106a) for supplying the electrolyte into said 
anodizing tank (102). 

27. The apparatus according to any one of claims 1 to 



26, characterized by further comprising a discharge 
portion (108a) for discharging the electrolyte from 
said anodizing tank (102). 

5 28. The apparatus according to any one of claims 1 to 
26, characterized by further comprising a circulation 
system (106a, 108a) for circulating the electrolyte 
while supplying the electrolyte into said anodizing 
tank (102) and simultaneously discharging the elec- 
10 trolyte from said anodizing tank (102). 

29. The apparatus according to any one of claims 26 to 
28, characterized by further comprising a supply 
portion (106b) for supplying a cleaning solution into 

is said anodizing tank (1 02) after the substrate (1 01 ) 
is anodized. 

30. The apparatus according to claim 29, characterized 
by further comprising a discharge portion (108b) for 

20 discharging the cleaning solution from said anodiz- 
ing tank (102). 

31. The apparatus according to any one of claims 1 to 
30, characterized in that said apparatus can be 

25 used as an apparatus for filling said anodizing tank 
(102) with the electrolyte to anodize the substrate 

(1 01 ) and then filling said anodizing tank (1 02) with 
the cleaning solution to wash the substrate (101). 

30 32. The apparatus according to any one of claims 1 to 
30, characterized in that said apparatus can be 
used as an apparatus for filling said anodizing tank 

(102) with the electrolyte to anodize the substrate 
(101), filling said anodizing tank (102) with the 

35 cleaning solution to wash the substrate (101), and 
then drying the substrate (101). 

33. An anodizing apparatus for anodizing a substrate 
(101), characterized by comprising: 
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an anodizing tank (102); 
a negative electrode (129); 
a positive electrode (114); 
a first supply portion (106a) for supplying an 
electrolyte to a space between said negative 
electrode (129) and the substrate (101) using 
said anodizing tank (102) to anodize said sub- 
strate (101 ) by applying a voltage between said 
negative electrode (1 29) and said positive elec- 
trode (114); and 

a second supply portion (106b) for supplying a 
cleaning solution to the substrate (101) using 
said anodizing tank (1 02) to wash the anodized 
substrate (101). 

34. The apparatus according to claim 33, characterized 
by further comprising a rotary driving mechanism 
(1 24) for rotating the washed substrate (1 01 ) in said 
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anodizing tank (102) to dry the substrate (101 ). 

35. A processing apparatus tor a substrate (101), char- 
acterized by comprising: 

a process tank (102); and 
processing means (106a, 106b, 129, 114, 124) 
for performing, for the substrate (101) in said 
process tank (102), at least two consecutive 
processes of anodizing, washing, and drying. 

36. The apparatus according to claim 35, characterized 
in that said processing means processes the sub- 
strate (101) while keeping the substrate (101) in a 
substantially horizontal state. 

37. The apparatus according to claim 35 or 36, 
characterized in that said processing means proc- 
esses the substrate (101) while supporting the sub- 
strate (101) only from a lower side. 

38. The apparatus according to any one of claims 35 to 
37, characterized by further comprising substrate 
manipulation means (110 - 113) for receiving the 
substrate (101) from a conveyor robot (205) in a 
substantially horizontal state and processing the 
substrate (101), and transferring the processed 
substrate (101) to said conveyor robot (205) in the 
substantially horizontal state. 

39. The apparatus according to claim 38, characterized 
in that said substrate manipulation means (110 - 
1 1 3) manipulates the substrate (1 01 ) by supporting 
the substrate (101) only from the lower side. 

40. An anodizing system characterized by comprising: 

an anodizing apparatus (100) of any one of 
claims 1 to 32; 

a conveyor robot (205) for transferring an un- 
processed substrate (101) to said anodizing 
apparatus (100), receiving the processed sub- 
strate (101) from said anodizing apparatus 

(100) , and conveying the processed substrate 

(101 ) to a predetermined position; and 

a control section (210) for controlling anodizing 
by said anodizing apparatus (100) and sub- 
strate conveyance by said conveyor robot 
(205). 

41. An anodizing system characterized by comprising: 

an anodizing apparatus (100) of any one of 
claims 1 to 32; 

a conveyor robot (205) for transferring an un- 
processed substrate (101) to said anodizing 
apparatus (100) while supporting the substrate 
(101) from a lower side in a substantially hori- 



zontal state, receiving the anodized substrate 
(101) from said anodizing apparatus (100) 
while supporting the substrate (101) from the 
lower side in the substantially horizontal state, 

s and conveying the anodized substrate (1 01 ) to 

a predetermined position; and 
a control section (210) for controlling anodizing 
by said anodizing apparatus (100) and sub- 
strate conveyance by said conveyor robot 

10 (205). 

42. An anodizing system characterized by comprising: 

an anodizing apparatus (100) of any one of 

is claims 1 to 28; 

a washing/drying apparatus (400) for washing 
and drying an anodized substrate (101); 
a conveyor robot (205) for transferring an un- 
processed substrate (101) to said anodizing 

20 apparatus (100), receiving the anodized sub- 

strate (101) from said anodizing apparatus 

(100) , transferring the anodized substrate (101) 
to said washing/drying apparatus (400), receiv- 
ing the washed and dried substrate (101) from 

25 said washing/drying apparatus (400), and con- 

veying the washed and dried substrate (1 01 ) to 
a predetermined position; and 
a control section (510) for controlling anodizing 
by said anodizing apparatus (100), washing/ 

30 drying by said washing/drying apparatus (400), 

and substrate conveyance by said conveyor ro- 
bot (205). 

43. A processing method for a substrate (101 ) : 
35 characterized by comprising: 

a first step (S301 - S305) of substantially hori- 
zontally holding the substrate (101), making a 
negative electrode (129) oppose an upper sur- 
40 face of the substrate (101), placing a positive 

electrode (1 1 4) on a lower side of the substrate 

(101 ) , and filling a space between the substrate 
(101 ) and said negative electrode (129) with an 
electrolyte; and 

45 a second step (S306) of applying a voltage be- 

tween said negative electrode (129) and said 
positive electrode (114) to anodize the sub- 
strate (101 ) while preventing gas, generated by 
the anodizing reaction from staying on a lower 

50 side of said negative electrode (129). 

44. The method according to claim 43, characterized in 
that a negative electrode having a structure (130) 
for preventing the gas from staying on the lower side 

55 is used as said negative electrode (129). 

45. The method according to claim 43, characterized in 
that a negative electrode having a degassing hole 
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(1 30) for preventing the gas trom staying on the low- 
er side is used as said negative electrode (129). 

46. A processing method for a substrate (101), 
characterized by comprising: 5 

a first step (S306) of anodizing the substrate 

(101) using an anodizing tank (102); and 

a second step (S310) of washing the anodized 
substrate (101) using said anodizing tank 10 

(102) . 

47. The method according to claim 46, characterized 
by further comprising a third step (S312) of drying 
the washed substrate (101 ) in said anodizing tank ™ 
(102). 

48. A method of manufacturing a substrate (101), 
characterized by comprising the steps of: 

20 

forming a porous layer (12) on a surface of a 
substrate (11) by a substrate processing meth- 
od of any one of claims 43 to 47; 
preparing a first substrate (10) having at least 
a semiconductor layer (1 3) on the porous layer 25 

< 12); 

bonding a second substrate (20) to a surface of 
the f irst substrate (1 0) on a side of the semicon- 
ductor layer (1 3) to prepare a bonded substrate 
stack (30); and 30 
separating the bonded substrate stack (30) into 
two substrates (10', 10") at the porous layer 
(12). 

35 
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